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ABSTRACT: 

PROBLEM TO BE SOLVED: To make it possible to obtain the lumen 
surface of an artificial blood vessel having an antithrombotic 
property and tissue adaptability in combination without the 
dislodgment of an elastin layer even under blood bloodstream for a 
long time by providing the lumen surface of a tubular artificial 
blood vessel base material with an albumin layer and the elastin 
layer . 

SOLUTION: A soln. of albumin is packed into the lumen of the 
tubular artificial blood vessel base material and heat of 50 to 80°C 
is applied thereon while the base material is kept rotated; 
thereafter, the albumin soln. is discharged to form the crosslinked 
matter of the albumin within the wall surface of the tubular 
artificial blood vessel base material and to simultaneously built the 
albumin layer on the lumen surface of the artificial blood tube base 
material. An elastin soln. prepd. by adding water-soluble elastin to 
a buffer soln. of pH=4 to 7 is filled into the lumen of such 
artificial blood tube base material and the artificial blood tube 
base material is rotated in a circumferential direction while the 
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base material is held horizontal in the major axis direction to built 
the elastin layer formed by subjecting the elastin to core servation 
on the albumin layer. The elastin layer is thereafter crosslinked, by 
which the albumin layer and the elastic layer are built on the lumen 
surface of the artificial blood tube base material. 
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Disclaimer: 

This English translation is produced by machine translation and may contain errors. The JPO, the INPIT, and those who 
drafted this document in the original language are not responsible for the result of the translation. 

Notes: 

1. Untranslatable words are replaced with asterisks (****)■ 

2. Texts in the figures are not translated and shown as it is. 

Translated: 06:01:29 JST 02/20/2008 

Dictionary: Last updated 02/1 5/2008 / Priority: 1 . Fiber/Clothing material / 2. Chemistry / 3. Industrial Products 

[Document Name] Description 

[Title of the Invention] An artificial blood vessel and its manufacture method 
[Claim(s)] 

[Claim 1] The artificial blood vessel characterized by having two-layer [ of an albumin layer and 
an elastin layer ] at least on the inner surface of cavity of a tubular artificial blood vessel base 
material. 

« 

[Claim 2] After applying 50-80-degree C heat for 1 minute - 5 hours, being filled up with the 
solution which added albumin to the lumen of the tubular artificial blood vessel base material at 
a rate that concentration becomes to water or a buffer solution at 1 to 50weight %, and making 
it rotate at the number of rotations of 1-100rpm, An albumin layer is built on the inner surface 
of cavity of the artificial blood vessel base material of the shape of this pipe at the same time it 
discharges an albumin solution and forms an albumin bridge formation thing in the wall surface 
of a tubular artificial blood vessel base material. The elastin solution which added water- 
soluble elastin to the lumen of the artificial blood vessel base material of the shape of this pipe 
at a rate that concentration becomes to the buffer solution of pH=4 - 7 at 1 to 30weight % is 
filled up with 4 degrees C or more less than 35 degrees C. It is made to rotate in the direction 
of the circumference of the artificial blood vessel base material of the shape of this pipe at 
velocity of 0.1-10rpm at 35-70 degrees C, maintaining the artificial blood vessel base material 
of the shape of this pipe at a level with the direction of a macro axis. The elastin layer to which 
the coacervation of the elastin was carried out is built on an albumin layer. By discharging the 
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solution of a lumen, filling up a lumen with the solution which dissolved the cross linking agent 
next at a rate which becomes 0.1 to 10weight % to water or a buffer solution, and making an 
elastin layer construct a bridge The manufacture method of the artificial blood vessel 
characterized by building an albumin layer and an elastin layer on the inner surface of cavity of 
a tubular artificial blood vessel base material. 

[Claim 3] After applying 50-80-degree C heat for 1 minute - 5 hours, being filled up with the 
solution which added albumin to the lumen of the tubular artificial blood vessel base material at 
a rate that concentration becomes to water or a buffer solution at 1 to 50weight %, and making 
it rotate at the number of rotations of 1-100rpm, Discharge a superfluous albumin solution and 
the lumen of the artificial blood vessel base material of the shape of this pipe is filled up with 
the solution which added the cross linking agent next at a rate that concentration becomes 0.1 
to 10weight % to water or a buffer solution. After forming a bridge formation albumin layer on 
the inner surface of cavity of the artificial blood vessel base material of the shape of this pipe at 
the same time it constructs a bridge at 4-80 degrees C for 1 to 24 hours and forms an albumin 
bridge formation thing in a tubular artificial blood vessel base material wall surface, The elastin 
solution which added water-soluble elastin to the lumen of the artificial blood vessel base 
material of the shape of this pipe at a rate that concentration becomes to the buffer solution of 
pH=4 - 7 at 1 to 30weight % is filled up with 4 degrees C or more less than 35 degrees C. It is 
made to rotate in the direction of the circumference of the artificial blood vessel base material 
of the shape of this pipe at velocity of 0. 1 -1 Orpm at 35-70 degrees C, maintaining the artificial 
blood vessel base material of the shape of this pipe at a level with the direction of a macro 
axis. Build the elastin layer which carried out the coacervation of the elastin on the albumin 
layer, discharge the solution of a lumen, and a lumen is filled up with the solution which 
dissolved the cross linking agent next at a rate which becomes 0.1 to 10weight % to water or a 
buffer solution. The manufacture method of the artificial blood vessel characterized by building 
an albumin layer and an elastin layer by making an elastin layer construct a bridge on the inner 
surface of cavity of a tubular artificial blood vessel base material. 

[Claim 4] The artificial blood vessel according to claim 1 which sinks into the whole artificial 
blood vessel in the aliphatic series polyhydric alcohol. 

[Claim 5] The manufacture method of the artificial blood vessel according to claim 2 or 3 dried 
after building an albumin layer and an elastin layer on the inner surface of cavity of a tubular 
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artificial blood vessel base material and dipping an aliphatic series polyhydric alcohol in the 
solution which concentration added at a rate which becomes 0.5 to 20weight % to water, buffer 
solution, or a physiological saline. 

[Claim 6] The manufacture method of the artificial blood vessel according to claim 1 which an 
albumin bridge formation thing and an albumin layer become from the serum albumin of animal 
origin, and an artificial blood vessel according to claim 2 or 3. 

[Claim 7] The manufacture method of the artificial blood vessel according to claim 1 whose 
cross linking agent which constructs a bridge in an albumin bridge formation thing and an 
albumin layer is a dialdehyde compound or a water-soluble polyfunctional EPOSHIKI 
compound, and an artificial blood vessel according to claim 2 or 3. 

[Claim 8] alpha-elastin or beta-elastin obtained by an elastin layer and water-soluble elastin by 
carrying out heat oxalic acid treatment of the elastin of the animal origin or human origin, The 
manufacture method of the artificial blood vessel according to claim 1 using the elastin which 
carried out enzyme treatment of kappa-elastin obtained by carrying out alkali ethanol treatment 
of the elastin, or the elastin, and was made into water solubility, and an artificial blood vessel 
according to claim 2 or 3. 

[Claim 9] The artificial blood vessel according to claim 1 in which an elastin layer carries out 
the coacervation of the water-soluble elastin, and is formed. 

[Claim 10] The manufacture method of the artificial blood vessel according to claim 1 by which 
the bridge is constructed over the elastin layer with the dialdehyde compound or the water- 
soluble polyfunctional EPOSHIKI compound, and an artificial blood vessel according to claim 2 
or 3. 



[Claim 11] What the tubular artificial blood vessel base material made the fiber of the synthetic 
resin a plain weave or stockinet, and made tubular, After [ with extrusion molding ] mixing a 
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water-soluble granular substance to a synthetic resin and being tubular, The manufacture 
method of the artificial blood vessel according to claim 1 which is either although extension 
was added and it was considered as porous structure after making tubular the thing made into 
porous structure by dipping this underwater, or a synthetic resin composition by extrusion 
molding, and an artificial blood vessel according to claim 2 or 3. 

[Claim 12] The manufacture method of what the tubular artificial blood vessel base material 
coated the cylindrical or tubular jig with the solution of the synthetic resin, evaporated the 
solvent, and made tubular, the artificial blood vessel according to claim 1 which makes a 
synthetic resin tubular by extrusion molding, and an artificial blood vessel according to claim 2 
or 3. 

[Claim 13] The manufacture method of the artificial blood vessel according to claim 1 whose 
tubular artificial blood vessel base material is polyurethane, polyester, or 
polytetrafluoroethylene, and an artificial blood vessel according to claim 2 or 3. 

[Claim 14] The manufacture method of an artificial blood vessel according to claim 2 or 3 that 
the solution to which the coacervation of the water-soluble elastin is carried out is a buffer 
solution of pH=4 - 7. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the artificial blood vessel used for the bypass 
surgery and the displacement way of a living body blood vessel when treating a blood vessel 
disease. Furthermore, in detail, by forming the bottom structure of similar in the inner surface 
of cavity of an artificial blood vessel at the internal elastic lamina of a living body blood vessel, 
the coagulation of blood, adhesion of plasma proteins, and superfluous growth of a cell are 
controlled, and ****** thickness is not started with a small caliber, either, but it is related with 
the artificial blood vessel which has high patency, and its manufacture method. 
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[0002] 

9 

[Description of the Prior Art] The present condition is that a popliteal artery and a small caliber 
artificial blood vessel with an inside diameter of 3-6mm which can rebuild a tibia and a fibula 
artery to satisfaction further are not still from a femoral artery, and the self-vein is mainly used 
for artery reconstruction of this field. Since there is little blood flow volume and it is easy to 
produce a thrombus blockade, a small caliber artificial blood vessel requires the anti-thrombus 
nature which was excellent in the early stages of a thicket. Moreover, in order that the cell and 
tissue of a rebirth may extend from a host artery or a circumference organization in several 
after [ a thicket ] months, it is important that it is the material which offers the scaffold which it 
can be stabilized [ scaffold ] and can carry out raw arrival of these. For example, the artificial 
blood vessel made from Teflon for popliteal artery reconstruction has high hydrophobicity, 
since neither blood nor protein is adhered, anti-thrombus nature is good, but in order that there 
may be no scaffold a cell and the tissue of do raw arrival, PANNUSU and ****** thickness are 
produced and there is a fault of being easy to blockade. 

[0003] Moreover, the artificial blood vessel made from polyester which carried out the seal by 
gelatin or collagen has the fault that anti-thrombus nature will carry out a thrombus blockade in 
early stages of a thicket bad, although there are a cell and a scaffold of an organization. Then, 
it is the thing which we did for the coacervation of the elastin paying attention to the elastin 
which exists in the internal elastic lamina of the internal thoracic artery of a cow or a human 
navel belt movement pulse being excellent in anti-thrombus nature and histocompatibility and 
which back-construct a bridge. It found out that an elastin layer with the structure which exists 
in an internal elastic lamina, and the same three-dimensional structure could be built, and the 
artificial blood vessel which fixed elastin to the inner surface of cavity of the artificial blood 
vessel which consists of a synthetic resin in Tokuganhei06-171G95 previously, and its 
manufacture method were indicated. 

[0004] However, by such a method, elastin tends to ****, and if exposed under a blood flow for 
a long period of time, it has the problem of being easy to produce thrombus formation and 
****** thickness from a desorption part. Moreover, although there are JP,H03-41963,A, 
JP,H03-254753,A, etc. in the artificial blood vessel which used elastin for others In order that 
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these may mix and fabricate elastin in synthetic macromolecule and fibrin protein, The built 
blood contact surface is the mixture surface with elastin, a synthetic resin, or fibrin protein. 
Since the internal-elastic-lamina surface of the living body blood vessel which makes elastin a 
principal component is large, structures differ and the three-dimensional structure of elastin 
itself also completely differs from the structure in an internal elastic lamina, originally the 
haemocompatibility or histocompatibility which the internal thoracic artery surface and the 
navel belt movement pulse surface show are not obtained. 

■ 

[0005] 

[Problem to be solved by the invention] In the artificial blood vessel previously indicated by 
Tokuganhei06-171095, and its manufacture method The compatibility of the collagen layer or 
gelatin layer prepared on the inner surface of cavity of the tubular synthetic resin which is an 
artificial blood vessel base material, elastin, or an artificial blood vessel base material, and 
elastin is bad. When exposed under a blood flow for a long period of time, the elastin layer 
****ed, thrombus formation arose from the elastin desorption part, or superfluous growth of the 
cell arose, and the ****** thickness of an artificial blood vessel, strangulation, and a blockade 
may have been caused as a result. It is going to solve such a conventional problem, even if it 
is under a blood flow for a long period of time, an elastin layer does not ****, but this invention 
aims at offering the artificial blood vessel which has the patency which has the artificial blood 
vessel inner surface of cavity which combines anti-thrombus nature and histocompatibility, and 
was excellent. 



[0006] 

[Means for solving problem] In the artificial blood vessel which indicated this invention by 
Tokuganhei06-171095 previously, and its manufacture method An elastin layer is not built on 
the collagen layer built directly or beforehand on the inner surface of cavity of the artificial 
blood vessel base material which consists of a tubular synthetic resin, or a gelatin layer. The 
albumin layer over which the bridge was beforehand constructed by heat or a cross linking 
agent by the artificial blood vessel base material which consists of a tubular synthetic resin is 
prepared. It is related with the artificial blood vessel characterized by improving adhesion to 
the artificial blood vessel base material of an elastin layer by besides preparing an elastin 
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layer, and making the effect of elastin maintain for a long period of time, and its manufacture 
method. That is, it is the artificial blood vessel characterized by having two-layer [ of an 
albumin layer and an elastin layer ] at least on the inner surface of cavity of a tubular artificial 
blood vessel base material. 

[0007] This invention persons note that the compatibility between substances is governed by 
the hardness of the canal-canal interaction between substances, or the hardness of a 
hydrophilic-hydrophilic interaction. Glycine whose elastin is nonpolar amino acid in the amino 
acid composition, Aspartic acid which is polar amino acid including alanine, proline, and valine 
mostly, It is the hydrophobic high protein which is not included slightly about glutamine, lysine, 
histidine, and arginine. (Norman T.Soskel, Terril B.Wolt, and Lawrence B.Sandberg, METHOD 
IN ENZYMOLOGY, and Vol.144 196-214 (1987)), It found out that good compatibility was 
shown according to albumin and the canal-canal interaction which are hydrophobic protein 
similarly, and examination is advanced further and it came to complete this invention. 



[0008] 



[Mode for carrying out the invention] As for the temperature applied to an albumin solution in 
the process which builds an albumin layer in the wall surface of a tubular artificial blood vessel 
base material, and on an inner surface of cavity by this invention, 50-80 degrees C is 
desirable, and although revolving speed is based also on the concentration of the albumin 
solution to be used, 1-100rpm is desirable. This Reason is for unevenness to arise on the 
albumin layer surface which air bubbles tended to generate and was built in the albumin 
solution, if a bridge will not be constructed over albumin and an albumin layer will not be 
obtained, if temperature is too low, and temperature is too high. Moreover, since an albumin 
solution collects that revolving speed is less than 1rpm on a part of lumen of an artificial blood 
vessel base material, if a uniform albumin layer cannot be formed on the inner surface of cavity 
of an artificial blood vessel base material and revolving speed is quicker than 100rpm It is 
because an albumin solution shifts to the outer wall side of an artificial blood vessel base 
material and cannot form the albumin layer of thickness sufficient on the lumen surface of an 
artificial blood vessel base material. 



[0009] Moreover, after sinking in or coating the inside of the wall surface of an artificial blood 
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vessel base material, and the lumen surface with albumin by this invention in the process 
which builds an albumin layer on the inner surface of cavity of a tubular artificial blood vessel 
base material, although time to heat is based also on the concentration of an albumin solution, 
1 minute - 5 hours are desirable [ time ]. This Reason is for bridge formation albumin to carry 
out a pyrolysis, if a bridge will not fully be constructed over albumin if heat time is short, and 
time is too long. Moreover, although the albumin which can be used by this invention does not 
carry out limitation in particular, animal origin albumin, such as bovine serum albumin and 
human plasma albumin, can be used for it. Moreover, although the water or buffer solution 
which dissolves albumin by this invention does not carry out limitation in particular, in order to 
detain as a pass of blood in the living body, what does not contain febrile goods, such as 
endotoxin, is desirable. 

[0010] Moreover, as for the albumin concentration in the albumin solution which can be used 
by this invention, it is desirable that it is 1 to 50 weight % to water or buffer solution. [ if this 
Reason has too low concentration, even if it will heat, the bridge formation thing of albumin is 
not obtained, and ] [ even if obtained, hardness of the albumin layer obtained since the 
albumin density in a bridge formation thing was low cannot use it as an artificial blood vessel 
low, and ] Moreover, it is because viscosity of a solution can become high too much, it cannot 
sink in enough into the wall surface of a tubular artificial blood vessel base material and a 
uniform bridge formation layer cannot be built on the inner surface of cavity of a tubular 
artificial blood vessel base material, if concentration is too high. 

[0011] Moreover, although a dialdehyde compound and a water-soluble polyfunctional epoxy 
compound can be used as a cross linking agent over which an albumin bridge formation thing, 
an albumin layer, or the elastin layer that carried out the coacervation is made to construct a 
bridge in each process of this invention The water-soluble epoxy compound can react with an 
amino group and the functional group of both carboxyl groups especially. Moreover, since it 
gives a soft protein layer, after bridge formation can especially obtain the compliance near a 
living body blood vessel, is desirable, for example, can use DENAKORU EX-614 and 
DENAKORU EX-614B and DENAKORU EX-521 (made in Nagase Brothers Chemical 
Industry) etc. 

[0012] Moreover, although the elastin in particular that can be used by this invention is not 
limited Buta main artery origin elastin, cow ****** origin elastin, cow lung origin elastin, Cow 
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main artery origin elastin, human lung origin elastin, human main artery origin elastin, Elastin, 
such as human navel belt movement pulse origin elastin, alpha-elastin which made these 
water solubility by heat oxalic acid treatment, or beta-elastin, The elastin protein which 
processed with enzymes made into water solubility, such as kappa-elastin, pepsin, and 
elastase, and was made into water solubility by alkali ethanol treatment is mentioned. Although 
human main artery origin elastin or human navel belt movement pulse origin elastin is 
especially desirable in respect of histocompatibility and anti-thrombus nature and the details of 
the Reason are unknown Elastin differs in amino acid composition a little according to the kind 
of the origin part and animal, and since the surface after bridge formation can be made smooth 
especially in the amino acid composition which human main artery origin elastin or human 
navel belt movement pulse origin elastin has, it is considered to be hard to cause the 
coagulation activity of blood. 

[0013] [ moreover, the tubular artificial blood vessel base material used by this invention ] In 
order to detain in the living body where peroxide dialytic ferments to emit, such as a 
macrophage, and hydrolase exist as a pass of blood for a long period of time, It is required to 
be the material which it is not decomposed by the enzyme etc. in the living body, and there is 
no toxicity, and can be equal to change of blood pressure enough, and materials, such as 
polyurethane, polyester, and polytetrafluoroethylene, are desirable as the material. Moreover, 
in order to fix albumin to the inner surface of cavity of a tubular synthetic resin firmly, the 
structure of an inner surface of cavity has porosity, the thing which knit the fiber, or the 
desirable thing of the structure in which the fiber was piled up. The Reason is because albumin 
enters between the hole of an inner surface of cavity, or a fiber and a strong anchor effect is 
acquired with the material of such a structure. 

[0014] Moreover, in the process which carries out the coacervation of the water-soluble elastin 
on the albumin layer prepared on the inner surface of cavity of a tubular artificial blood vessel 
base material, limitation in particular is not carried out that the buffer solution to which the 
coacervation of the water-soluble elastin is carried out should just be the thing of the range of 
pH=4 - 7. The citric acid / sodium citrate buffer solution which has buffer capacity sufficient by 
pH=5 especially, It is suitable for citric acid / sodium hydroxide buffer solution, acetic acid / 
sodium acetate buffer solution, a phosphate buffer solution, potassium dihydrogenphosphate / 
disodium hydrogenphosphate buffer solution, succinic acid / sodium hydroxide buffer solution, 
etc. acting as Korsor Bex Sean of the water-soluble elastin. Since the isoelectric point of water- 
soluble elastin is near this, the elastin neutralized electrically meets according to a canal-canal 
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interaction, and this tends to produce condensation, and is considered to be because for a 
coacervation to be stabilized. 

[0015] Moreover, water-soluble elastin can be used for the quantity dissolved in buffer solution 
in 1 to 30weight % of the range to the buffer solution of pH=4 - 7. If it will be hard to carry out 
the coacervation of the water-soluble elastin if this Reason has the concentration of elastin too 
lower than 1 weight %, and concentration is too higher than 30 weight % It is for unevenness 
to form in the elastin layer formed on the inner surface of cavity of an artificial blood vessel 
probably because the floe of elastin forms in a solution. Moreover, as for the temperature to 
which the coacervation of the water-soluble elastin is carried out, 35 degrees C - 70 degrees C 
are desirable. This Reason is for being unable to carry out the coacervation of the water- 
soluble elastin at the low temperature below 35 degrees C, and tending to carry out thermal 
denaturation of the water-soluble elastin at a temperature higher than 70 degrees C. 



[0016] Moreover, [ in order to carry out the coacervation of the water-soluble elastin uniformly 
on the inner surface of cavity of the artificial blood vessel base material which prepared the 
albumin layer, are based also on the inside diameter of the artificial blood vessel to produce, 
but ] In an artificial blood vessel with an inside diameter [ phi ] of 2-6mm, it is desirable to make 
it rotate in the direction of the circumference calmly with the revolving speed of 0.1-1 Orpm, 
keeping level to a longitudinal direction the artificial blood vessel filled up with the elastin 
aqueous solution. Since the characteristics that elastin carries out a coacervation in the gravity 
direction, and forms coacervate (floe) in it will be used for this Reason in the case of elastin 
layer formation if elastin is gently put at the temperature of 35 degrees C or more, The water- 
soluble elastin solution with which the lumen was filled up when revolving speed was too quick 
will be agitated. Since the movement speed of an artificial blood vessel base material inner 
surface of cavity will become slow rather than the coacervation velocity of elastin if 
condensation of elastin will be barred and revolving speed is too slow, it is because a uniform 
elastin layer cannot be formed in the inner surface of cavity of an artificial blood vessel. 

[0017] Moreover, after forming an albumin layer and an elastin layer in the wall surface of a 
tubular artificial blood vessel base material, and on an inner surface of cavity, Its glycerol is 
desirable although the aliphatic series polyhydric alcohol which can use the aliphatic series 
polyhydric alcohol solution which dissolved in water, buffer solution, or a physiological saline in 
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the process which sinks in does not carry out limitation in particular. Glycerol is a component 
which originally exists in blood, and this Reason is for not having a bad influence on a living 
body, even if eluted in the back blood which planted the artificial blood vessel in the living 
body. 

[0018] Moreover, although the buffer solution which dissolves an aliphatic series polyhydric 
alcohol does not carry out limitation in particular, a phosphate buffer solution, its potassium 
dihydrogenphosphate / disodium hydrogenphosphate buffer solution, etc. are desirable. This is 
because it does not have a bad influence on a living body even if the salt of these buffer 
solution puts a minute amount into the inside of the body. Moreover, as for the concentration of 
an aliphatic series polyhydric alcohol solution, 0.5 to 20 weight % is desirable to water, buffer 
solution, or a physiological saline. This Reason is for the artificial blood vessel dried enough 
being unmaintainable in the flexible state, and eluting a lot of aliphatic series polyhydric 
alcohols in blood, when [ with 20 weight % sufficient / concentration ], and handling nature is 
bad and plants also after desiccation in the living body, and having a bad influence on a living 
body, if concentration is lower than 0.5 weight %. 

[0019] 

[Working example] Below, a work example explains the effect of this invention. [A work 
example and comparative example] 2g of production of solution preparation-and artificial 
blood vessel> bovine-serum-albumin powder (made by Wako Pure Chem) was dissolved in 
10ml of pure water at the room temperature, and the albumin solution was produced. The 
artificial blood vessel base material which knit polyethylene terephthalate tubular [ the inside 
diameter phi of 3mm ] was cut in length of 5cm, and inside diameter 4.5mmphi and glass test 
tubes 6cm in length were equipped with it. The glass in vitro equipped with an artificial blood 
vessel base material was filled up with 0.4ml of albumin solutions, the silicone plug was 
attached, and it inserted and equipped with the glass test tube further into the tubular jig made 
from stainless steel which enabled it to rotate by a motor. After heating for [ whole ] 20 minutes 
at 60 degrees C, attaching a jig to the zipper of a motor and rotating a motor at velocity of 
10rpm, the motor was stopped, the albumin solution in a glass tube was discharged, and the 
albumin layer was built to the artificial blood vessel base material lumen. 
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[0020] Next, the artificial blood vessel lumen obtained above was filled up with 0.4ml of cross 
linking agent solutions which added pure water to 5ml of 20 weight % of guru tar aldehyde 
solutions (made by Wako Pure Chem), and were 100ml, the bridge was constructed at 50 
degrees C for 12 hours, and the cross linking agent was discharged. Then, the artificial blood 
vessel lumen obtained above is filled up with 0.4ml of elastin aqueous solutions which 
dissolved product made from cow head ligament alpha-elastin (made by elastin products 
company) 150mg in the potassium dihydrogenphosphate / 1.5ml of disodium 
hydrogenphosphate buffer solutions which were prepared to pH=5.2. The silicone plug was 
attached, and it inserted and equipped into the tubular jig made from stainless steel which 
enabled it to rotate by a motor. 

[0021] The coacervation of the elastin was carried out on the inner surface of cavity of the 
artificial blood vessel which heated at 60 degrees C for 12 hours, and fixed the albumin layer 
to the lumen, attaching a jig to the zipper of a motor and rotating a motor at velocity of 5rpm. 
stopping rotation of a motor and throwing away the solution in a pipe - a 0.4mg water-soluble 
epoxy cross linking agent (DENAKORU EX-614B -) The artificial blood vessel lumen obtained 
above is filled up with the aqueous solution which dissolved made in Nagase Brothers 
Chemical Industry in 0.4ml of phosphate buffer solutions of pH=7.0. Crosslinking reaction is 
performed at 60 degrees C for 24 hours, rotating a motor at velocity of 5rpm. The albumin 
layer and the elastin layer were built to the artificial blood vessel base material inner surface of 
cavity, 1g glycerol (for the Wako Pure Chem blood serums) was dipped in the solution which 
dissolved in 100ml of physiological salines (made by Otsuka Pharmaceutical) for 5 hours, and 
the artificial blood vessel of this invention was obtained. 

[0022] Moreover, the artificial blood vessel base material which knit polyethylene terephthalate 
tubular [ the inside diameter phi of 3mm ] as a comparative example is cut in length of 5cm. 
Equip inside diameter 4.5mmphi and glass test tubes 6cm in length, and the aqueous solution 
which dissolved 8mg of gelatin powder made from a cow bone (made by Wako Pure Chem) in 
0.4ml of phosphate buffer solutions is filled up with 30 degrees C. It sank into the artificial 
blood vessel base material enough, and kept at 4 degrees C after discharging a solution for 3 
hours, and the gelatin layer was built to the artificial blood vessel inner surface of cavity. Next, 
the artificial blood vessel lumen obtained above was filled up with 0.4ml of cross linking agent 
solutions which added pure water to 5ml of 20 weight % of guru tar aldehyde solutions (made 
by Wako Pure Chem), and were 100ml, the bridge was constructed at 4 degrees C for 12 
hours, and the cross linking agent was discharged. 
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[0023] Then, the artificial blood vessel lumen obtained above is filled up with the elastin 
aqueous solution which dissolved product made from cow head ligament alpha-elastin (made 
by elastin products company) 150mg in the potassium dihydrogenphosphate / 0.4ml of 
disodium hydrogenphosphate buffer solutions which were prepared to pH=5.2. The silicone 
plug was attached, and it inserted and equipped into the jig which enabled it to rotate by a 
motor. 

[0024] The coacervation of the elastin was carried out on the inner surface of cavity of the 
artificial blood vessel which heated at 60 degrees C for 12 hours, and fixed the gelatin layer to 
the lumen, attaching a jig to the zipper of a motor and rotating a motor at velocity of 5rpm. 
stopping rotation of a motor and throwing away the solution in a pipe - a 0.4mg water-soluble 
epoxy cross linking agent (DENAKORU EX-614B --) The artificial blood vessel lumen obtained 
above is filled up with the aqueous solution which dissolved made in Nagase Brothers 
Chemical Industry in 0.4ml of phosphate buffer solutions of pH=7.0. Crosslinking reaction is 
performed at 60 degrees C for 24 hours, rotating a motor at velocity of 5rpm. The gelatin layer 
and the elastin layer were built to the inner surface of cavity of the artificial blood vessel base 
material, 1g glycerol (for the Wako Pure Chem blood serums) was dipped in the solution which 
dissolved in 100ml of physiological salines (made by Otsuka Pharmaceutical) for 5 hours, and 
the artificial blood vessel of the comparative example was produced. 

[0025] One beagle adult dog (feminity) with a <animal experiment weight of 1 1kg was 
pretreated in atropine, and introductory anesthesia was carried out by intravenous injection of 
flunitrazepam 0.1mg/kg and ketamine 3mg/kg. [ injecting heparin (100 lU/kg) intravenously 
after fixing a dog to an operating table, and maintaining anesthesia by Fluothane ] The right 
cervix was cut open, the right common carotid artery was excised over about 5cm in length, 
and the artificial blood vessel which uses 7-0 polypropylene sewing yarn doubling here, and 
has the albumin layer and elastin layer of this invention with an inside diameter [ of 3mm ] phix 
length of 5cm in some parts anastomosis was planted. Moreover, the left cervix was 
completely similarly cut open, the left common carotid artery was excised over about 5cm in 
length, and the artificial blood vessel which has only an elastin layer with an inside diameter 
[ of 3mm ] phix length of 5cm of a comparative example was planted in some parts 
anastomosis. 
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[0026] After the operation and no anticlotting drug were used, but bred the dog for 12 months. 
The dog was pretreated in atropine 12 months afterward, and introductory anesthesia was 
carried out by intravenous injection of flu nitrazepam 0.1mg/kg and ketamine 3mg/kg. Both the 
artificial blood vessels that cut the right-and-left cervix open and were planted in right-and-left 
both common carotid arteries were extracted with the host artery, having injected heparin (100 
lU/kg) intravenously after fixing a dog to an operating table, and maintaining anesthesia by 
Fluothane. The physiological saline which dissolved 500 IU(s)/ml heparin using the syringe 
washes calmly the inside-and-outside side of an artificial blood vessel immediately. Blood was 
flushed, and the artificial blood vessel was cleared perpendicularly, it observed 
macroscopically, and comparison with the artificial blood vessel which has the albumin layer 
and elastin layer of this invention, and the artificial blood vessel which has only the elastin 
layer of a comparative example was performed. 

[0027] Next, both two artificial blood vessels were comparatively made into length, and after 
dipping one side in the neutral buffer solution of formalin 4% in the refrigerator and fixing, it 
was considered as the sample for optical microscopes. It dipped and fixed to the neutral buffer 
solution of 1 % guru tar aldehyde, and the neutral buffer solution of 3% guru tar aldehyde in the 
refrigerator, and the remaining samples were made into the sample for electron microscopes. 
The sample for optical microscopes was cut to three, the center side anastomotic region, the 
central part, and the tip side anastomotic region, after it washed formalin, paraffin embedding 
of it was carried out, it cut down the section by the microtome from each part, used it as the 
prepared slide, and performed ERASUCHIKAWAN Geeson dyeing and hematoxylin EOJIN 
dyeing. 

[0028] Observation by optical microscope was performed at 20 times and 100 times, 
respectively by the center side anastomotic region, the central part, and the tip side 
anastomotic region, evaluated the grade of desorption of an elastin layer by 
ERASUCHIKAWAN Geeson dyeing, and evaluated the cell, the grade of expansion of an 
organization, and the grade of ****** thickness by hematoxylin EOJIN dyeing. All evaluations 
were taken as the comparative evaluation of the artificial blood vessel which has the albumin 
layer and elastin layer of this invention, and the artificial blood vessel which has only the 
elastin layer of a comparative example. 
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[0029] Moreover, after guru tar aldehyde immobilization, it dried by critical point desiccation, it 
fixed to the sample stand, and the sample for electron microscope observation vapor- 
deposited Pd-Pt, after performing electric conduction dyeing with osmic acid and 1% tannic 
acid 1% by dividing into three, the center side anastomotic region, the central part, and the tip 
side anastomotic region. Electron microscope observation carried out comparative evaluation 
of the state of the inner surface of cavity of the artificial blood vessel which has the albumin 
layer and elastin layer of this invention in 200 times and 1000 times, and the artificial blood 
vessel which has only the elastin layer of a comparative example. In addition, the optical 
microscope used the DIAPHOT-TMD type by NIKON CORP., and the scanning electron 
microscope used the Hitachi S-800 type. The evaluation result of each artificial blood vessel of 
a work example and a comparative example was as having been shown in Table 1 and 2. 



[0030] 



[Table 1] 
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[0032] 



[Effect of the Invention] [ as mentioned above, the artificial blood vessel which was made to 
carry out the coacervation of the elastin and constructed the bridge by the cross linking agent 
on the artificial blood vessel base material inner surface of cavity in which the albumin layer 
was prepared ] Since the adhesive property of albumin and elastin is good, an elastin layer 
does not exfoliate after [ in the living body ] a thicket. Since it had the anti-thrombus nature and 
histocompatibility which were excellent over the long period of time and there was neither 
tissue in the thrombus formation and the anastomotic region in an artificial blood vessel inner 
surface of cavity nor superfluous growth of a cell, it became clear that it is the artificial blood 
vessel which can expect the patency over a long period of time also with the small caliber 
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below the inside diameter phi of 4mm which is not in the former. 



[Translation done.] 
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(W&mtl) 5mlfclfi*£JO*10 0mlfcLfc£ 
WHfflKO -4ml fcJ^tltfcftfcAIIIlLWiBK* 
*U 5 0iCfcT12B8SBS«U aaHflSriJKBU;. 
lyy-gmmka-xjx+y {XyXy-y ■ T 

v?7'VKMk) 15 0mg£pH=5. 2 tClliSS L£ 'J 

y»z**# 'J ->a/ y yK**-* )- 'J «> 

1. 5m 1 £}§j»L*:X7*-?-y*igf£0 . 4ml?:! 
ET#WifcAXiliL*niS»c#au >"J3-y&£K 
io ftft, =E-^-tci tTH^T^ S J: o tLfcXryi" 

^SOStfO&a^fcJfA L/C. 
[002 1 ] *>y?K?6ft£flXWt5 rp 

m<0^t > *-*--«:llieSl£ i fi:a J 4>6 0T;cl 2B#|g] 
JjQ» L-T^y 5 yJi £ l*lJBl:Ei5g LJtAUM?<7>rt»ffl 
±(cX7X^y£3 7*/l^-x3y$-££. =e-*- 
<0E«K«:±a6. «rt<0^?SSrttT . 0. 4mgOT|Qgtt 
x^df y^lgffl ( Ti- X - 6 1 4 B . +tfizfc 

ecu (ft) H) ^ph=7. oo';yga««?B[0. 4 

20 3fc8U 5 rpm^Sft-^-i-iaiK^^^e 
O-Ctct 2 4l*HB5ttRJ6£ffVK AXJttf SWrtKM 

y y (ft*^ (ft) s . jfitiSffl) ^ia^tg* (** 

S3* (ft) K) 1 0 0m 1 fcS»UfcSSK5*IH8l« 
[002 2 3 ifc, JtKfi»Jt 

U-h^rtfI3mm* ^ii^AJt'AUil'tSW 2: £ 
§5cmHWBSt, rtS4. 5mm*, IS6cmO# 

yxmm.mzmmi. vyftm-vy+ym* (wm. 

30 18) 8mgJ'J ymmWm 0 . 4 m 1 (C?f W Lfc/K^ 

?S5rfitai^. 4°Ct3B§H3ft*>. Vj+ymiAlMV 
WEBBfcfllSSLfc. mz?il-?->l'7>l'ThV2 0n& 
%®m {ftffimWt) 5m 1 tCltTKeSD^ lOOmlt 
Lfc«tt«|}S«0 .4ml fcJJE-CflMiJt AIHWJ 
K(=3tWL. 4t:tT12iBHaHB«L. *«ffl«r#fflL 
tc. 

[002 3] ggv^T. ->yf8K«-X7^fy (X 
7Xfy-ro^7tS) 150mg5rpH=5. 2 
40 tCpSIL^'JylOk^'J^A/'Jyi^SRZ^MJ 
■>A|g®M0. 4m I lZ®MLtzXyX1-y7imm±. 

m'n^titzAJM.*gftmzytmL. yo^-ymw. 

[0024] ^-^-CO^-V 7 CjfiH^lXWt 5 r p 
m^aiK-Ct-^-SrlHlK?^*^ 6 0*C(c 1 2B$lfl 
JD.^ f - y® rtEtS^ L-fc AXUlf <OrtKB± 

lHlte$:±^. l=l*IO^?S$:}ST . 0. 4 m g <7)*igttx 
50 ^^S^IPI (r^3-;PEX-6 1 4B. ^-fe-ftS 
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I* (80 S3) 2tpH = 7. 0<DV yW&mWLO . 4m 

X;CT2 4f$f§mfRJE£m\ AHfof^frOrtJiSiB 
(c-t£5^-yJSkx5Xf-yJl£ffi^U 1 gO/'J-t'J 

y (W^mig^ jh»ffl) s^aaa* <*««»!) 
ioomi mm itzmmiz 5 &f®% i . jwi^ai 

[0025] <»*^>#S 1 1 k g*)tr-77Hfcfc 

(fltt) lM*rbntfv(cTttfl»U *AMt*7 10 
rt^b^-teV-CAO. lmg/kg, ^^Sy3rag/k 

A'jy ( l oo I u/k g) £»&U 7P— tyfcj: 

^5cmCi5fc^tWISL. vi;t7-0^'jro 
5 c m<7)*f6HBc7)ryU7'S yJIk x5X^-yflSrfl-fl> 

^F*lS3mm0X#$5cmiOX7^^-y/icO^$rW 20 
[ 0 0 2 6 ] {fit*, ia^H^ti-ffllSffltf-f 12yffl 

mHmZy^-Vy&^Q. lmg/k 
g. **5y3mg/kg<0»afcJ:oTSIitW:. 4 

* t^ffiftfcDKtt. 'vty > ( i o o i u/k g > £ 

»SU 7a~fcyfcJ:4«*£lif*L ! 5r**fc, 

1B±IMI!i:*t*aSL^. il*>^. aSHSfcffln5 0 0 
1 U/m 1 CO'V*? 'J V £mf& Lt&mkl&fclzX AXM 30 

fwrtflffifcWfrtftifru mfS*ft^aL. Axial 

t x 7 x ^ y 1 5r l> AI JflLtf k Jt«W<0x 7 x f- y 
«<0*Sr*-f& AXJllL'gk coitmZ'Ui fc. 



8HW9-1 7336 1 

1 0 

[0027] &fcWAXJlL«S:8fc:2->Hfc U 

as, mrnkkwri^izmL * **vy 

h-AicJ:^Tffltf-£«9;iJLriWN°5-hkU x^ 

x f - * 7 y df- y y SfefeRtPw N^yjy-xyfi/'y 

[0028] X53BR»«£tt. 
SB, 5lMBlffl**<BfC*ii'Wi2 Ofgk 1 0 OfgtTfT 

v\ x5xf^7y^-yy^fet*x5;*f-yiicoflf$i 
o&KS-ffflU 'svh^xUy-x^-^'ySsfeTifflfla 
k ffl»<9#RO®K k rtMJJf OS« £ SMB L . IWI 
tt^T*»W>r;i/7*5 yJBfcx5x*yJI£WtSA 
UH« k JtlSH^x 7 ^ f- y fl<0A J #t & AXA^ k 
<0Jt«fHIkLfc. 

[ 0 0 2 9 ] «^a»«il«fflKH«i^/l'^wu 

8S<03ote#i}\ i%3j-x5->AKk 

fcteHS LTPd-P t ££* Ltz . YfBft&KlftM: 
2 0 0fgk 1000fg£T. *%BflcoT/U7$ylkx 
yX^-ym^-fhAXM'^bimmcD^y^i'ymcO 

^i^thATM^pmmmMimmmLit. 

ft. %^Wmt-^>- ! ±W) I APHOT-TMDM 
fcftfflU jt^«^SBM«±B4S-8 0 01!£ffiffl 

uc mmmv : }mm&AT.A<gm®£m, m 
i aim 2 iz^ i tzm k> X'h i !t . 

[0030] 
[SU] 
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11 12 



[00 3 1] 
[312] 







It KM 




mint tca^^sitt 


*3&ft*:, ©itifcto* 
• 


9 y ¥ — v > 






fftt) 


+ 5 - 1 0 p mtf) 
*«tattcr>««5^M fen 


ft* 1 mmfiit oARIBJ* 


* 










* T * o fc. 


* 

tutttrntA Lfct^A &nfc 

* 



[00 3 2] Kt^y^Vk<rtm&tfMiX*hht^, *E#ftmi 
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